The photochemistry of the vinyl substituted (E)-3-(anthran-9-yl)propenoates and (E)-9-(aroylethenyl)anthracenes as well of their reduced derivatives has been studied at λ = 254 nm and at λ = 352 nm. At λ = 254 nm and λ = 352 nm, the 9-vinyl substituted anthracenes undergo E/Z-isomerization, while their reduced derivatives undergo [4+4]-dimerisation reactions at λ = 352 nm. An X-ray crystal structure shows the [4+4]-photoadducts to be head-to-tail.
Introduction
Previously, the authors have communicated a facile access to (E)-3-(anthran-9-yl)propenoates and (E)-9-(aroylethenyl)anthracenes via solventless Wittig-olefination of the commercially available 9-formylanthracene. 1 These together with aryl-substituted anthracenes 2 make for interesting anthranyl-based photoelectronic materials. Some use of these has been found in molecular wires, 3 in light-regulated semiconducting materials and as potential constituent molecules in light-harvesting devices for organic solar cell applications ( Figure 1 ). 4, 5 Here, however, the photochemical stability of such compound is of importance. On the other hand, one can view these molecules as possible starting materials to larger molecules formed by C-C bond linking transformations utilizing the reactivity of the π-system of these conjugated anthracenes, where photochemical reactions may be the strategy of choice. To our knowledge, little information has been obtained of the photochemical behavior of 9-ethenyl or 9-ethynyl substituted anthracenes, 4-7 especially where the other terminus of the double bond or triple bond is substituted by an electron withdrawing substituent. There is one example of a report of the behavior of benzoylethenylanthracenes, which was shown to give E/Zisomerisation upon photoirradiation, coupled with a novel rearrangement. 6, 7 As dominant photochemical transformations of these molecules in general, one can view the E-/Z- In the following, our results on the photochemical reactivity of (E)-3-(anthran-9-yl)propenoates and (E)-9-(aroylethenyl)anthracenes is shown with an emphasis of the behavior under relatively short irradiation times in view of a potential synthetic viability of the reactions as well as the behavior under long irradiation times in view of the life-time of such molecules under photoirradiation. In addition, the short-time results induced the authors to study the photochemical reactivity of cycloadducts of the anthracenes above with maleimides as well as the photochemical reactivity of the hydrogenated derivatives of (E)-3-(anthran-9-yl)propenoates
and (E)-9-(aroylethenyl)anthracenes. 
Experimental
Melting points were measured with a Stuart SMP10 melting point apparatus and are uncorrected. 1 H NMR (at 400 MHz) and 13 C NMR (at 100.5 MHz) spectra were taken on a
Varian 400 MHz spectrometer. Infrared spectra were taken on a spectrometer (solid samples as KBr pellets, liquid samples using NaCl plates). Column chromatography was carried out on silica gel S (0. The anthranylacrylates E-4 and 9-aroylethenylanthracenes E-5 were photoirradiated in a Luzchem LZC 4V photoreactor using USHIO G8T5 lamps (at λ = 253.7 nm) and with Hitachi *some H and 13 C NMR absorptions may be so broad at rt that they could not be detected.
Preparation of ethyl 3-anthran-9-ylpropionate (20). -To ethyl 3-anthran-9-ylacrylate (E-4, 276 mg, 1.0 mmol) in toluene (5 mL) is given Pd/C (5 wt%, 80 mg) and acetic acid (142 mg).
Thereafter is added NaBH 4 (182 mg). After stirring the mixture for a day at rt, further acetic acid The UV-Vis spectra of compounds 4 and 5 were measured, both in dichoromethane (CH 2 Cl 2 ) and in acetonitrile (CH 3 CN) ( Table 1 ). The UV spectra were not affected noticeably by the nature of the solvent and corresponded, where known, with the literature data. Of the anthranylacrylates 4 and 13 single crystals were grown, and X-ray crystal structure analyses were carried out (Figures 2 and 3) . 9 In both cases, it was noted that intermolecular distances were too large for photochemical dimerisation reactions in the crystal. 
Next, (E)-3-(anthran-9-yl)propenoates (E-4) and (E)-9-(aroylethenyl)anthracenes E-5
were photoirradiated in CH 2 Cl 2 at λ ≥ 254 nm. It was noted that the E-aroylethenylanthracenes E-5 upon photoirradiation formed mixtures of close to 1:1 E-and Z-aroylethenylanthracenes after 24h (Scheme 4). Also, ethyl E-anthranylacrylate (E-4) isomerized under photoirradiation (Scheme 5), however, the acrylate showed some polymerization over time. Also, the photoreaction mixtures of the aroylethenylanthracenes E-5 were appreciably dark so that some oligomerisation was occurring. In order to see whether the conditions used above are suitable in general to even reported photo-induced [4π + 4π] cycloaddition reactions, the known photochemical reaction of 9-formylanthracene (9) was investigated both in CH 2 Cl 2 and in benzene. The photochemical dimerisation proceeds more quickly in benzene than in CH 2 Cl 2 . It had been reported previously that halogenated solvents such as CCl 4 and bromobenzenedimerisation in comparison to THF, ether or toluene. In the present case, in a 0.16 M solution of 9-formylanthracene (9) in non-deaerated benzene, 50% of dimerizes photolytically within 24h, while under otherwise the same conditions only 25% of 9-formylanthracene (9) dimerizes to 19 in non-deaerated CH 2 Cl 2 within 48h (Scheme 8). In either case, anthraquinone (18) was also produced. The product mixture was separated by column chromatography on silica gel (hexane -CH 2 Cl 2 : 1.5/1). The colorless dimer eluted first, followed by the yellow starting material and anthraquinone. Only one isomer of the photo-dimer was obtained, both in CH 2 Cl 2 and in benzene. This had already been found by Applequist et al. 12 in the photoirradiation of 9-formylanthracene (9). Lastly, ethyl (E)-9-anthranylacrylate (E-4) was hydrogenated to give ethyl 9-anthranylpropionate (20). Normal hydrogenation using H 2 gas under Pd/C was not used as this was thought to be too dangerous as there had been a previous, small laboratory fire using H 2 in presence of Pd/C. Here, it was tried to produce hydrogen in situ by reacting NaBH 4 with AcOH in the presence of Pd/C. [13] [14] [15] The double bond hydrogenation took a long time, and partially the anthracene core was also hydrogenated to produce ethyl 9,10-dihydroanthranylpropionate (21) as side product (Scheme 9). The hydrogenation of the central ring system of the anthracene with hydrogen in presence of a Pd-catalyst had been reported previously, with 9,10-diphenylanthracene being reduced over Pd/C. 16 Driving force of the hydrogenation of the anthranyl moiety is the stability of the two isolated benzo groups, which are found to be more aromatic than the anthranyl unit. At last, in an effort to force the making of the [2+2]-cycloadducts of anthranylacrylates E-4 and aroyl-ethenylanthracenes E-5, these were subjected to a Diels-Alder reaction with maleimides. It was planned to study the photoreactivity of the cycloadducts with the idea that should they produce [2+2]-cycloadducts, these would be subjected to retro-Diels Alder reactions.
The synthesis of the cycloadducts of anthranylacrylates E-4 and aroyl-ethenylanthracenes E-5 has been discussed previously. 1 Photoreactions of the cycloadducts E-25 and E-26 in CH 2 Cl 2 at λ ≥ 254 nm gave exclusively the Z-isomers as a mixture of E-and Z-isomers. The Zisomers could be separated by column chromatography. 
